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DESIGN AND VALIDATION OF HYBRID ATTITUDE
DETERMINATION AND CONTROL SYSTEM FOR CUBESAT
THROUGH HARDWARE-IN-THE-LOOP SIMULATION
Dae Young Lee∗, Hyeongjun Park†, Marcello Romano‡, and James Cutler§
More accurate and flexible attitude maneuvering capability is demanded for ex-
tending applications of miniaturized satellites. In this paper, an autonomous condition-
based switching method among a family of control and estimation algorithms is
proposed to extract required attitude maneuvering performance with low-price
sensors, small-sized actuators, and low-powered processors. A hybrid automa-
ton design for multi-algorithmic hybrid ADCS is proposed by defining a set of
operative modes, domain mapping, set of edges, and guard mapping. In addition,
experimental analysis is pursued using CubeSat Three-Axis Simulator (CubeTAS)
to simulate a frictionless and torque-free environment. By implementing the hy-
brid ADCS on the real-time test bed, the performance of the proposed method is
validated with real sensors, actuators, and computing resources.
INTRODUCTION
With extending applications of miniaturized satellites to various scientific field, a technological
trend is observed from a passive attitude determination and control system (ADCS) to an active
ADCS. This trend is noticeable in project series from universities or research institutes. For ex-
ample, the Michigan eXploration Laboratory (MXL) at the University of Michigan has developed
CubeSats with passive ADCS, such as RAX 1 & 2, M-Cubed 1 & 2, and GRIFEX. Active ADCS
approaches have been recently developed for CubeSat such as CADRE and TBEx.1–4 Similar trends
are observed in the Delfi series from the Delft University of Technology and the CAN-X series of the
University of Toronto.5–7 This also means that recent satellites require more accurate and flexible
attitude maneuvering capability with increasing demand to conduct more advanced space missions,
e.g., environmental monitoring, reconnaissance, and communication with a specific ground station.
Therefore, the current ADCS of a satellite requires good pointing accuracy, but it is a challenging
task due to the limited resources of CubeSat.4 The details of these limited resources have been
introduced in Lee et al.8
Consequently, the essence of ADCS design is to extract best performance with low-price sen-
sors, small-sized actuators, and low-powered processors. This can be achieved by condition-based
switching among a family of control and estimation algorithms in space. For instance, a reaction
wheel is a popular active actuator for CubeSat; however, it may loose control ability when the
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wheel’s angular speed is saturated and it appears more frequently on small-sized reaction wheels.
Hence, in addition to the main pointing control algorithm for reaction wheels, wheel momentum
control with a magnetic device is required as a sub-control algorithm to desaturate the wheels.
This control requirement can be satisfied by switching between the main control and sub-control
algorithms while guaranteeing the pointing accuracy performance. Similarly, attitude estimation
of CubeSat also requires switching multiple estimation algorithms. Mostly, for on-board attitude
determination, an Extended Kalman Filter (EKF)9 is employed, but an inexact initial estimation
may cause instability in the attitude estimation result. To prevent this, primitive estimation algo-
rithms, such as QUaternion ESTimation (QUEST)10, 11 and TRIAD,12, 13 are employed prior to acti-
vating the EKF in real applications. The switching between the algorithms is mostly handled by the
ground station operator but another possible solution for the algorithm switching is to exploit multi-
algorithmic ADCS based on a hybrid automaton framework. The basic results are demonstrated
with numerical simulations8 based on MATLAB/Simulink R©. In this paper, a hybrid automaton
design for multi-algorithmic hybrid ADCS is proposed with a set of operative modes, domain map-
ping, set of edges, and guard mapping followed by Lee et al.8
In addition to the development of a multi-algorithmic hybrid ADCS, a stringent validation of
the developed ADCS is an important and challenging task due to the environmental differences
between space and Earth. This is more critical for CubeSat missions since a small moment of
inertia can cause the CubeSat to tumble with low torque. Recovery from the tumbling motion may
take a long period of time due to limited communication and power resources. Motivated by the
importance of ground testing and verification of ADCS algorithms, an experimental test bed, the
CubeSat Three-Axis Simulator (CubeTAS), has been developed14, 15 to simulate a frictionless and
torque-free environment. The CubeTAS hardware-in-the-loop simulator (HILS) consists of a hollow
hemispherical air bearing that contains the sensors, actuators, computers, and power storage in the
hemispherical cup. The proposed multi-algorithmic hybrid ADCS is implemented on the embedded
system of CubeTAS to verify its performance with real sensors, actuators, and computing resources.
The paper is organized as follows. In Section II, we present the design of a hybrid ADCS which
includes the modified and adapted estimation and control algorithms. Next, the CubeTAS test bed
is introduced and experimental setup is described in Section III. The test scenario and results of
simulations and experiments are then reported and discussed in Section IV. Finally, Section V offers
concluding remarks.
DESIGN OF MULTI-ALGORITHMIC HYBRID ADCS FOR CUBESAT
In this section, we present the rigid-body equations of motion for a satellite with a reaction wheel
assembly (RWA) and magnetoquer. After a brief review of the dynamic characteristics and system
requirements, multiple estimation and control algorithms applied to the suggested ADCS are de-
scribed. These algorithms are implemented based on a hybrid automaton framework with switching
conditions. The details of the hybrid automaton design are explained in this section.
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Satellite Attitude Dynamics







−h˙− ω×Jω − ω×h+ bB ×mMT
)
, (2)
h˙ = JRWγ˙ = τRW, (3)
where q is the quaternion representation between the body and the inertial frame; ω is the angular
velocity vector of the satellite; J and JRW are the moment of inertia (MOI) matrices of the total
spacecraft and the RWA; h is the angular momentum of the reaction wheel, γ is the angular velocity
vector of RWA, and bB is the Earth magnetic vector, respectively. mMT denotes the magnetic vector
generated by the magnetorquer and τRW is the torque vector generated by the RWA.
Satellite Measurement Equations
To estimate the attitude and angular velocity of the satellite, several assumptions mentioned in
the work of Lee et al.8 are applied to model sensors. Attitude estimation requires at least two
non-parallel vector measurements. To measure the vectors, installation of a sun sensor and magne-
tometers are assumed,
s˜B = A (q) sI + vs, (4)
b˜B = A (q)bI + vb. (5)
Here, s is the unit sun vector and b is the Earth magnetic vector. The sub-letters indicate their
resolving frames. A (q) is a 3 by 3 rotation matrix and vs and vb are assumed as white noise signals.
(˜·) denotes the measurement value from each sensor. Based on our recent ADCS development,
we also considered the installation of a star tracker and a gyroscope.8 However, in the ADCS
design, a star tracker could be optional. If the satellite has a star tracker, the pointing accuracy
can be improved depending on the tracker’s characteristics and performance. While a star tracker is
optional, a gyroscope is always required to implement EKF. The measurement values of each sensor
are given as follows.
q˜ = δq (a)⊗ qref, (6)
ω˜ = ω + β + ηv, (7)
β˙ = ηu, (8)
where, a is three-parameter attitude representation, ηv and ηu are zero-mean Gaussian white-
noise.9, 16 In the discrete-time measurement equations, we have q˜k from the star tracker, ω˜k from
the gyroscope, and s˜B,k, b˜B,k from the sun and magnetic sensors, respectively.
Estimation Algorithms for a Hybrid ADCS
The possibility of divergence in EKF may be caused by the large initial value error. To resolve
this issue, an unscented Kalman filter (UKF) and a backward-smoothing extended Kalman filter
(BSEKF) have been developed.17, 18 However, the upgraded estimation algorithms require faster
computation speed to handle larger amount of calculations than EKF although there is a lower
3
impact on pointing accuracy since the low-cost attitude sensor measurement has low resolution. In
other words, EKF is proper for CubeSat ADCS except the initial value related issue. To overcome
the issue, Lee et al.8 have adopted QUEST as an initial state estimation method for EKF. The
simulation results in their work demonstrate that QUEST works with EKF complementarily in the
satellite attitude determination application. EKF and QUEST are summarized as follows.
Extended Kalman Filter9, 16 The EKF algorithm is implemented as a main estimator in this re-
search. Based on the sensor selection and configuration, we simplify the related equations as
Pk = fEKF
(














where, the detailed expressions of fEKF, gEKF, and hEKF can be found in the works of Crassidis et
al. and Markley.9, 16









The details of gQUEST can be found in the work of De Ruiter et al.10 Note that the covariance matrix
is intentionally fixed and the angular velocity vector is directly transferred from the gyroscope vector
measurement, and these three values are always required for the switching conditions of the hybrid
automaton. It is commonly assumed that magnetic and sun sensors have a limited measurement
quality. Therefore, we implemented a moving filter to QUEST in order to compensate for the low
sensor measurement quality.8 In this research, QUEST is implemented to estimate the satellite
attitude in tumbling motion. The star tracker measurement is not exploited in the QUEST algorithm
since the measurement delay of the star tracker could result in a large error.
Control Algorithms for a Hybrid ADCS
The RWA requires an additional device for wheel speed desaturation. Hence, magnetorquers are
commonly combined with the RWA in CubeSat ADCS. The magnetorquers can be independently
exploited as actuators for detumbling by implementing B-dot control algorithm.19 The control
algorithms for the RWA and magnetorquers are summarized as follows.
B-dot Control In most CubeSat projects, accurate attitude estimation is implemented and achieved
in a detumbled situation to reduce the possibility of sensor malfunctioning. The detumbled status
of the satellite has benefits in initiating EKF since the attitude estimation value can diverge if the
initial condition of EKF is selected outside the region of attraction in tumbling status. Beside initi-
ating EKF, a star tracker, which is the most accurate and important sensor in attitude determination,
can obtain more accurate measurement when the satellite moves slowly since clearer images can be
captured on the star tracker camera with slow motion. The B-dot control algorithm with bang-bang
control proposed by Strickler et al.19 has been implemented in several CubeSat projects.1–4 With
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1, if mik > 0.05mmax
0, if − 0.05mmax < mik < 0.05mmax






(bk − bk−1). (13)
Here, mmax is the maximum magnetic dipole generated from the magnetorqer, kB is the control
gain, and h is the measurement time interval, respectively.19
Proportional-Derivative (PD) Control The modified equations for the PD control is expressed
as,






× (RTdRk) ei. (15)
Here, τk is RWA torque vector and it is in Rn where n is the number of the reaction wheels,20 Kv
and Kp are 3× 3 gain matrices, Rk is the 3× 3 rotation matrix between the body and inertia frame,
and Rd is the desired attitude of the spacecraft. ai is the distinct positive integer and ei is the ith
column of the identity matrix and I3×3 = [e1 e2 e3].
Reaction Wheel Desaturation Controller The spacecraft may lose its control ability if the mo-
mentum of RWA is saturated.21 The saturation often occurs when the difference of the MOI between
the wheel and the satellite bus systems is large or when the spacecraft has large disturbance moments
in interaction with the environment. Therefore, a satellite with RWA requires a momentum unload-
ing algorithm and devices in practice.21 Here, we use the magnetoruqer as a momentum unloading
device and implement a desaturation algorithm proposed by Lovera.22 A bang-bang control method
is also merged with the algorithm by assuming that magnetorquer has only on-off capability. The
equations for the desaturation controller is given by, m1km2k
m3k
 = − kmag‖bk‖2 (bk)× pik, (16)
where mik is the control output before applying the bang-bang control, bk is the Earth magnetic
field vector in R3, pik is the angular momentum of the RWA in R3, and kmag is the control gain,
respectively.22
Hybrid Automaton for ADCS
The design of a hybrid automaton for the developed ADCS is introduced by focusing on the
switching logic. The hybrid automaton captures realistic spacecraft operating conditions, such as
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undesired ‘tumbling’ that CubeSat might undergo in the initial release from a launch vehicle. As-
suming the state ξ and the inputs U of CubeSat ADCS, a hybrid automaton is identified by the
following contents. The same definitions and notations in Marconi et al.23 are used:
ξ =
(







1. A set of operative modesQ has five modes. The modes denoted byQ = {Q0, Q1, E1, E2, E3}
with the characteristics introduced in Table 1.
Table 1. Characteristic Table of the Operative Mode Q
states Estimator Controller
τRW mMT
Q0 QUEST None None




E2 PD control None
E3 PD control RW desaturation
2. A domain mapping D : Q⇒ R16 ×R6 defines the set of the whole state and input space for
any q ∈ Q. Here, the continuous variable ξ and control input U may range in each operative
mode. We assume that the domain state and input space is a Cartesian product denoted by
D(q) = Dξ(q)×DU (q).23
The domain mapping, for the operative modes, is defined as follows.
• Dξ(q) : In our problem, the system dynamics is decided by the choice of estimators and
controllers in each mode.
• DU (q) : This is combined mapping with estimation algorithms and control algorithms,


































3. A set of edges E ⊂ Q × Q identifies pairs (q1, q2). Thus, under certain conditions the
transition from the operative mode q1 to q2 is performed.
E = {(Q0, Q1), (Q0, E1), (Q1, Q1), (Q1, E1), (E1, E1),
(E1, E2), (E2, E2), (E2, E3), (E3, E3), (E3, E2)} .
4. A guard mapping is given by G : E ⇒ R16 × R6 for each (q1, q2) ∈ E . It identifies the set
G(q1, q2) to which the continuous state ξ and the control inputs U .
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 max 0ksum  γ
 max 0ksum  γ
 min 0ksum  γ
 min 0ksum  γ
Figure 1. Diagram of the Hybrid Automaton for ADCS
• G(Q0, Q1) = {(ξ, U) ∈ D(Q0) : ‖ωˆk‖ > ω1thresh} ,
• G(Q0, E1) = {(ξ, U) ∈ D(Q0) : ‖ωˆk‖ < ω1thresh} ,
• G(Q1, Q1) = {(ξ, U) ∈ D(Q1) : ‖ωˆk‖ > ω2thresh} ,
• G(Q1, E1) = {(ξ, U) ∈ D(Q1) : ‖ωˆk‖ < ω2thresh} ,
• G(E1, E1) = {(ξ, U) ∈ D(E1) : ‖Pk‖ > Pthresh} ,
• G(E1, E2) = {(ξ, U) ∈ D(E1) : ‖Pk‖ < Pthresh} ,
• G(E2, E2) = {(ξ, U) ∈ D(E2) : sum(|γ˜k| > γmax) = 0} ,
• G(E2, E3) = {(ξ, U) ∈ D(E2) : sum(|γ˜k| > γmax) 6= 0} ,
• G(E3, E3) = {(ξ, u) ∈ D(E3) : sum(|γ˜k| > γmin) 6= 0} ,
• G(E3, E2) = {(ξ, u) ∈ D(E3) : sum(|γ˜k| > γmin) = 0} .
Here, ω1thresh and ω
2
thresh are different body angular velocity threshold values, Pthresh is a norm
threshold of EKF covariance matrix, and γmin and γmax are the minimum and maximum
angular speeds of the installed reaction wheels, respectively.
5. Diagram of the hybrid automaton is as shown in Figure 1.
CUBESAT THREE-AXIS SIMULATOR (CUBETAS) TEST BED
The CubeTAS test bed has been developed to enable high fidelity simulation of three-dimensional
rotational dynamics and to allow for a simple and rapid experimental validation of spacecraft atti-
tude determination and control algorithms.14, 24 The CubeTAS test bed consists of a hollow hemi-
spherical structure containing ADCS components, including three flight-grade reaction wheels, an
Inertial Measurement Unit (IMU), a single-board computer (SBC), and a battery for a three-axis
stabilized spacecraft. The hemispherical structure floats over an air bearing so that it imitates quasi-
frictionless rotational motion with three degrees of freedom. The CubeTAS test bed has similar
size, volume, and mass of real 2U CubeSat with actuators and sensors. This configuration enables
users to ground-evaluate a wide range of attitude determination and control techniques. The algo-
rithms developed using Matlab/Simulink R© are directly compiled and uploaded onto the SBC. Thus,
it enables rapid algorithm development and evaluation of CubeSat ADCS.
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Hardware Architecture
The actual design and hardware placement are shown in Figure 2. The upper part of the floating
hemisphere structure was designed primarily to hold the reaction wheel package and battery. The
IMU, sun sensor, and motor drivers are placed below the reaction wheel package. The lower part of
the structure was designed as a box shape. The SBC, magnetic coil driver, and power management
locate at the inside of the box-shaped lower part.
The system architecture of the floating hemisphere and all the interconnections are represented
in Figure 3. The SBC receives data from the sensors, and computes and transmits the commands
to the actuators. The TS-7200 SBC, which has a 200 MHz ARM9 processor and a PC-104 form
factor, supports RS-485, Ethernet, SPI. The SBC is interfaced with the wireless transceiver to send
(a) Overview (b) Cut view (c) Top view
Figure 2. The Overview of CubeTAS24




















Figure 4. Software Development Process of CubeTAS
and receive data. The IMU from Analog Devices features a triaxial digital gyroscope with 300
deg/s dynamic range, a triaxial digital accelerometer with a 18 gram dynamic range and a triaxial
digital magnetometer with 2.5 Gauss dynamic range in a single micro-electromechanical system
package. The three reaction wheels from Sinclair Interplanetary are used to achieve three-axis
attitude stabilization and tracking.
The power section consists of a lithium battery, a battery management module, and a DC-to-DC
converter. The battery has a capacity of 2470 mAh with 14.4V. The power management module
has an 18V input to the power system and recharge the battery. The DC-to-DC converter converts
the power from the power management module to 12V, 5V, and 3.3V. It provides power to all the
hardware.
Four fixed-position Light-Emitting Diodes (LEDs) are placed on the floating hemisphere. The
driver makes the LEDs blink at a specific frequency and intensity to be identified by the four stereo
vision cameras. Both LEDs and LEDs drivers are located on the floating hemisphere.
Software Architecture
The procedure of software development for CubeTAS has been designed to allow simple and
rapid guidance, navigation, and control (GNC) algorithm design and implementation. The soft-
ware development procedure is illustrated in Figure 4. The software code is developed using
MATLAB/Simulink R©. The communication between the Simulink model and the experimental
hardware is possible by embedding C code into the model using S-functions. The Simulink model is
then transformed into the source code using the Simulink coderTM. The floating hemispheres SBC
runs a minimized Linux version where the RTAI patch kernel has been provided by Technologic
SystemTM. Finally, the executable file is wirelessly uploaded into the SBC for execution.
The block diagram shown in Figure 5 represents the software architecture of CubeTAS including
the ADCS algorithms. The signal processing block modifies the output from the stereo camera
system to simulate different sensors.
VALIDATION RESULTS WITH SIL AND HIL SIMULATIONS
In this section, the validation of the proposed ADCS is performed with the CubeTAS test bed. Be-
fore the HILS validation, the most expected post-launch scenario is assumed and applied to the de-
veloped ADCS using a simulator based on MATLAB/Simulink R©. After review of the MATLAB/Simulink R©






















Figure 5. Software architecture of CubeTAS
Post-launch Scenario
The proposed scenario is focusing on presenting the state transition conditions from Q0 to E3.
Each state has following characteristics:
1. Q0: QUEST and No Control
In this state, CubeSat is assumed to be initially deployed from a launch device such as a P-
POD or Nanorack. The main characteristic of this state is the fast tumbling of the satellite
body. This state is also assumed as an initial state of the hybrid automaton of the devel-
oped ADCS. The attitude is estimated by QUEST, but the estimation result cannot be applied
to EKF at this point as an initial condition due to the large error caused by fast tumbling.
Therefore, a new control sequence is required to detumble the spacecraft. Then, the hybrid
automaton changes its state from Q0 to Q1.
2. Q1: QUEST and B-dot Control
As illustrated in the hybrid automaton diagram of Figure 1, B-dot control is activated to
dissipate the angular momentum of the satellite body slowly. If the satellite body is detumbled
enough by B-dot control, the accuracy of the QUEST algorithm can be improved so that
the estimation value is implemented as the initial condition of EKF. To check if the angular
momentum is dissipated enough, the norm value of body angular velocity is selected as an
indicating signal to activate EKF.
3. E1: EKF and B-dot Control
This state is required to check whether the estimation value from EKF diverges or not. Mon-
itoring the norm value of the covariance matrix of EKF, we can confirm the convergence of
EKF. In this state, we still use B-dot control since the control capability of B-dot control is
not affected by the attitude estimation results. Therefore, hybrid ADCS can still focus on de-
tumbling of the satellite while it tries to acquire reliable results from the estimation algorithm.
4. E2: EKF and Reaction Wheel PD Control
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Figure 6. MATLAB/Simulink Simulation
norm value of the covariance matrix is less than the specific minimal threshold, then the PD
control algorithm is activated.
5. E3: EKF with Reaction Wheel PD Control Combined with Magnetic Desaturation
In State E3, the magnetorquer is concurrently activated with the reaction wheels to suppress
the angular momentum increase of the reaction wheels. The continuous angular momentum
increase is caused by the disturbance torques (e.g., gravity gradient, solar pressure, aero-
dynamic drag, and residual dipole) and those finally saturate the wheel rotation speed. To
desaturate the wheel speed, the artificial angular momentum of the body need to be produced
by the magnetorquer. This state activates and stops the magnetic desaturation control after
the reaction wheel speed approaches the respective speed threshold.
MATLAB/Simulink Simulations
The multi-algorithmic hybrid ADCS is implemented on the simulator based on MATLAB/Simulink R©
developed by Lee et al.8 to verify its performance. The simulation results with the proposed sce-
nario are summarized in Figure 6.
The activation of hybrid ADCS is delayed to present the initial condition clearly. The satellite
tumbles without any control, as shown in the plot of the angular velocity norm located in the second
from the bottom row of Figure 6. The actual changing sequence fromQ0 toQ1 is almost immediate
so it is expressed as one point. From State Q1, B-dot control is activated and effectively decreases
the angular velocity of the body that can be also confirmed from the angular velocity norm plot.
The activation of EKF in State E1 is also followed after the body tumbling speed is decreased un-
der the certain level. The reaction wheel control starts in E2 after converging results from EKF by
acquiring a small covariance matrix norm. The plot for pointing accuracy in the last row of Figure 6
illustrates that this control achieves a good performance on pointing accuracy. The rotational speed
11







































Figure 7. CubeTAS Simulation
of the reaction wheels increases until the magnetic desaturation control is activated. The desatura-
tion algorithm reduces the wheel speed effectively, as shown in the wheel speed plot of Figure 6.
While the satellite conducts its task in space, the modes of fine pointing and desaturation control
are continuously repeated to accomplish the required performance of pointing with an accuracy of
within 10◦ successfully using the suggested hybrid ADCS. The simulation results also demonstrate
that the proposed multi-algorithm strategy of the ADCS effectively deals with various situations in
the scenario.
HILS with CubeTAS
To practically validate the performance of hybrid ADCS, we mounted it on the SBC of CubeTAS
with code generation and a cross compiling of MATLAB/Simulink R©. Before activating the hybrid
ADCS on CubeTAS, the initial condition of CubeTAS angular velocity is carefully selected to stay
in the rotating range of the air bearing in all x, y, and z directions. The experimental results are
reported in Figure 7 with the following characteristics.
1 The state starts from the initial mode, Q0, for a short time period and translates to Q1 that
has B-dot control capability. However, it is difficult to measure the detumbling effect by
B-dot control in the ground environment. Therefore, deceleration of the rotating system is
substituted with a long time effect of weak air frictional drag of the air bearing.
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2 The norm of angular velocity is exploited as the state transition condition fromQ1 toE1. The
angular velocity threshold of Q1 is set to a larger number than simulations so that it made the
state transition condition easily achieved. At 2 , a small change in the angular velocity norm
activates State E1.
3 After State E1 is activated, the estimation value by EKF keeps converging to the real value.
The convergence can be monitored by measuring the norm of the covariance matrix of EKF.
Point 3 demonstrates that EKF is converged closely and the RWA is activated to control the
attitude of CubeTAS to track the desired attitude we designed. B-dot is deactivated in this
status, and the magnetorquer graph shows that there is no output during this state.
4 In the numerical simulation results, slow wheel speed could be achieved by manipulating
controller gain, since in an ideal environment the wide rotational range allows for a slow
reaction of CubeTAS. However, the narrow rotational range of the CubeTAS body requires an
immediate response from the RWA. Due to this reason, the gains of PD control for CubeTAS
are set to relatively larger values than the case of the numerical simulation. It then causes a
fast rotational speed increase of the RWA as well as early activation of magnetic desaturation
control. Around 4 , we can observe that the magnetic control is activated.
5 In this region of the graph, the fast rotation of one specific reaction wheel is observed in
the third column of graph. The fast rotation activates the counterpart magnetorquer which is
observed in 5 .
6 In spite of difficulties in the narrow rotating range and disturbances from small gravitational
force by mismatch between the center of the mass and the geometric center of the CubeTAS,
the PD controller successfully archives accurate pointing at the desired direction.
CONCLUSION
The essence of ADCS design for miniaturized satellites is to extract the best performance with
low-price sensors, small-sized actuators, and low-powered processors. To achieve this goal, an
autonomous condition-based switching among a family of control and estimation algorithms is re-
quired in space. The multi-algorithmic hybrid ADCS for CubeSat was proposed as a solution for
ADCS design in this paper. The integration and condition-based switching of multiple control and
estimation algorithms were completed using a control strategy based on a hybrid automaton frame-
work. The detailed definitions of the states and transition conditions of the hybrid control strategy
were also defined in this paper. The performance of the developed ADCS was demonstrated and
verified on the CubeTAS, which is constructed on a three-axis air bearing with three reaction wheels,
as a the three-dimensional hardware-in-the-loop (HIL) simulator. The proposed hybrid ADCS de-
velopment has been also applied to small satellite projects such as CADRE or TBEx.
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